The contribution of respiratory muscle work to the development of the slow component is a point of controversy since it has been shown that the increased ventilation in hypoxia is not associated with a concomitant increase in V slow component. The first purpose of this study was thus to test the hypothesis of a direct relationship between respiratory muscle work and slow component by manipulating inspiratory resistance. Since the conditions for a slow component specific to respiratory muscle can be reached during intense exercise, the second purpose was to determine whether the respiratory muscles behave like limb muscles during heavy exercise. Ten trained subjects performed two 8-min constant-load heavy cycling exercises with and without a threshold valve in random order. was measured breath-by-breath using a fast indicating an accurate determination for this critical parameter. The amplitude of the V slow component displayed a 27% increase from 8.1 ± 3.6 to 10.3 ± 3.4 ml·min -1 ·kg -1 (P < 0.01) with the addition of inspiratory resistance. Taken together, this increase and the lack of any differences in V E and ventilatory parameters between the two experimental conditions suggest the occurrence of a slow component specific to the respiratory muscles in loaded condition.
2

ABSTRACT
The contribution of respiratory muscle work to the development of the slow component is a point of controversy since it has been shown that the increased ventilation in hypoxia is not associated with a concomitant increase in V slow component. The first purpose of this study was thus to test the hypothesis of a direct relationship between respiratory muscle work and slow component by manipulating inspiratory resistance. Since the conditions for a slow component specific to respiratory muscle can be reached during intense exercise, the second purpose was to determine whether the respiratory muscles behave like limb muscles during heavy exercise. Ten trained subjects performed two 8-min constant-load heavy cycling exercises with and without a threshold valve in random order. was measured breath-by-breath using a fast gas exchange analyzer, and the O 
INTRODUCTION
The characteristics of oxygen uptake ( ) kinetics in constant-load exercise have been well documented (3, 4, 6, 8, 14, 21, 38, 39, 46) . During the transition from rest or unloaded cycling to constant-load exercise of moderate intensity [i.e., below the ventilatory threshold (VT)], rises after the cardiodynamic phase (phase I) in an approximately mono-exponential fashion (phase II) to attain steady state (phase III) within two to three minutes. However, the response to constant-load exercise of heavy intensity (i.e., above the VT) is more complex:
the fundamental exponential response of pulmonary oxygen uptake is supplemented by the development of a slow component phase (phase III) (6, 21). Of the peripheral factors, the recruitment of type II muscle fibers seems the most plausible explanation (4, 7, 12, 42, 43) . Type II muscle fibers are currently reported to be less efficient than type I because the ADP/O ratio is 18% lower, partly because of the greater reliance on the -glycerophosphate shuttle over the malate-aspartate shuttle (17, 44) . Simultaneous measurement of pulmonary and leg suggested that about 86% of the excess V observed with high-intensity exercise originates in the exercising limbs (38). This result further suggests that the coupling between chemical and mechanical energy is altered during the slow component phase. 
METHODS
Subjects
Ten trained young males participated in the study after being informed of its purpose and requirements, as well as their rights as subjects. The Local Review Board for Research on Human Subjects approved the protocol. All subjects were free of cardiac and pulmonary disease and fully familiar with laboratory exercise testing procedures. The criteria of study inclusion were the following: age between 20 and 30 years, non-smoking, and training volume between seven to ten hours per week, mainly in aerobic sports. Plethysmography was performed for each subject to assess respiratory function. The subject characteristics including age, weight, and maximal oxygen uptake ( V max) are given on Table 1 and the plethysmographic results are shown on   Table 2 .
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Preliminary test
Each subject performed an incremental cycling exercise to volitional exhaustion to determine VT and max, which was defined as the highest 30-s averaged V attained.
Pedaling frequency was fixed at 70 rpm. The incremental exercise test began with 5 min of warm-up at 60 W. The work rate then increased by 30 W every minute until the subjects reached volitional exhaustion. MAP was determined as the minimal power eliciting max.
A friction-loaded cycle ergometer (Monark 818 E, Stockholm, Sweden) fitted with a strain gauge and an incremental encoder ensured accurate measurement of power output. The ergometer was calibrated immediately before the start of the test with a known mass hung on the friction belt, and in an unloaded condition to give a 0 value (2). The saddle height and position of the hands on the handlebar were fixed for each subject. In addition, the subjects were required to maintain the position of their shoulder and elbow joints positions steady. Experimenters checked these points and gave verbal feedback.
Constant-load exercise
The subjects performed two cycling exercises with and without an added inspiratory load in a balanced random order. 
Data analysis
Non-linear regression techniques were used to fit data after exercise onset using a two mono-exponential functions to describe the two main characteristics of the response:
primary phase (phase II) and slow component phase (phase III). The two mono-exponential functions started after independent time delays (4 
where t e is the time at the end of exercise. Finally, the additional of respiratory muscles ( VRMO 2 ) due to increased ventilation during the slow component was calculated as:
where VRMO 2b and VRMO 2e were the VRMO 2 at the beginning and end of the slow component, respectively. Since W B was altered by the added inspiratory resistance, Coast's equations could not be used in this condition.
Statistical analysis
The A two-way analysis of variance with repeated measures was used to identify any differences in ventilatory flow parameters (averaged over 20 s) at the beginning and end of phase III under the two experimental conditions. Differences were declared to be significant for P < 0.05. The mean V response pattern for all subjects with and without inspiratory resistance and the associated fit curves obtained with the two mono-exponential functions are presented in Figure   1A . The distribution of residual errors as a function of time is shown in Figure 1B for the condition without added inspiratory load. It is of interest to note that the same pattern of distribution was found for the condition with added inspiratory load. Table 3 . The coefficients of variation are also presented on Table 3 ; it should be noted that the critical parameters in the present study, td 2 and A' 2 , were 19 % and 15 % respectively. The time delay (td 1 ) and time-constant of phase II ( 1 ) were not significantly different between the two experimental conditions. The added inspiratory load also did not modify td 2 or 2 .
The most important result was the significant increase in slow component amplitude (P < 0.01) when inspiratory resistance was added (Fig. 3) . A' 2 increased by 27% from 8.1 ± 3.6 ml · min -1 .kg -1 without inspiratory resistance to 10.3 ± 3.4 ml · min -1 .kg -1 with resistance. V E increased significantly from beginning to end of phase III ( V E ) in each condition (P < 0.01)
and V E was not significantly different between the two conditions (Fig. 4) . The correlation between V E and A' 2 reached significance in neither condition. The ventilatory parameters during phase III in the two conditions are shown on pressure (33). High intra-thoracic pressures-for instance, those developed during the Vasalva maneuver-decrease venous return (33) and increase heart work. In contrast, inspiratory loading is associated with a more negative esophageal pressure of -6 to -7 cm H 2 O at peak inspiration compared with control, although it is unchanged at expiration (23, 24). This more negative esophageal pressure may facilitate venous return and slightly decreases cardiac work rate.
Although cardiopulmonary interactions were not addressed in the present study, a slight underestimation of the increase in attributed to the respiratory muscle work with added inspiratory resistance may therefore have resulted, but not an overestimation. inspiratory resistance reflects a slow component specific to the respiratory muscles. The type of threshold valves used in the present study is associated with an additional work independent of the ventilation level (18) . The observation of no significant difference in V E or the breathing pattern at the beginning and end of the slow component phase (Fig. 4) when compared with control suggests that the additional work imposed on the respiratory muscles by the load was constant with time and provoked a slow component. This information cannot be drawn from control studies during heavy exercise since ventilation typically increases with time (and thus the work of breathing). Based on the comparison between the two experimental conditions, it seems that the respiratory muscles behave just as the muscles directly concerned by the exercise: during a constant high-intensity work rate applied to the respiratory muscles, there is also a progressive decrease in muscular efficiency. Values are means SD, n = 10 subjects. 2.5 ± 0.5 1.6 ± 0.3** 2.4 ± 0.5 1.7 ± 0.4** Values are means SE; V E , ventilation; V t , tidal volume; F R , respiratory frequency; Ti, inspiratory time; Te, expiratory time; Ttot, total time. Significantly different:** P < 0.01 compared with beginning of phase III; there was no modification in these parameters when the experimental condition without added inspiratory load (U) was compared with the condition with inspiratory resistance (L)(P > 0.05). 100, 100 00 200 200,00 300, 300 00 400, 400 00 500, 500 00 600, 600 00 -100 -100,00 
